Inositol is excreted in the urine of patients with diabetes mellitus in greatly increased amounts. Although this fact has been known since 1859, the cumbersome analytic procedures for inositol have prevented a thorough study of the mechanism of this abnormality (1). In an earlier publication from this laboratory a microbiologic assay was employed in clinical studies of the urinary excretion by normnal and diabetic humi.an beings (2). The increased amounts of inositol found in the urine of diabetic patients was related to glycosuria rather than to polyuria. The renal clearance of inositol was found to be much higher in diabetic than in non-diabetic patients and the administration of large amounts of glucose intravenously to nondiabetic patients raised the renal clearance of inositol to levels found in uncontrolled diabetic patients.
Inositol is excreted in the urine of patients with diabetes mellitus in greatly increased amounts. Although this fact has been known since 1859, the cumbersome analytic procedures for inositol have prevented a thorough study of the mechanism of this abnormality (1) . In an earlier publication from this laboratory a microbiologic assay was employed in clinical studies of the urinary excretion by normnal and diabetic humi.an beings (2) . The increased amounts of inositol found in the urine of diabetic patients was related to glycosuria rather than to polyuria. The renal clearance of inositol was found to be much higher in diabetic than in non-diabetic patients and the administration of large amounts of glucose intravenously to nondiabetic patients raised the renal clearance of inositol to levels found in uncontrolled diabetic patients.
A comparable increase in the excretion of inositol in the urine of diabetic rats has been found. This report presents evidence that the inositol appearing in the urine of diabetic rats is largely of dietary origin. The mechanism of inositol excretion has been studied in the rat and observations are described which demonstrate that a mechanism exists for the tubular reabsorption of inositol which is inhibited by glucose and phlorizin but not by a saline diuresis. It is proposed that the renal tubular systems for the transport of glucose anc] inositol may be closely related.
METHODS
Adult male rats of the University of Illinois stock colony were subjected to subtotal pancreatectomy and were utilized in the experiments summarized in Table I .
In all other experiments adult male Sprague-Dawley rats were used. Diabetes was induced by the intravenous administration of 45 to 60 mg. per Kg. of alloxan (Eastman). A period of one to three weeks was allowed for the recovery from the renal damage resulting from alloxan. The presence of diabetes was confirmed by meastiring the level of glucose in the blood and urine.
The excretion of inositol by partially depancreatized and normal rats on low, medium, and high intakes of inositol has been measured (Table IA) . Diet A was a purified diet3 low in inositol (0.08 mg. per Gm.). Diet B was Purina Fox Chow which on analysis was found to contain 2.7 mg. of inositol per Gm. High inositol intake (Diet C) was obtained by feeding Fox Chow and adding inositol to the drinkng water. Because of the difference in fluid intake, 70 mg. of inositol per ml. of water was added for normal rats and 7 mg. of inositol per ml. for the partially depancreatized rats. After the animals had been eating the diet for six days the inositol excreted in the urine was measured. During the period of study rats were housed in metabolism cages and urine was collected under toluene, free of feces.
In the observations on alloxan diabetic rats (Table IB ) the low inositol diet was fed for three days. Inositol was then added to the drinking water (100 mg. per ml. for normal rats and 50 mg. per ml. for diabetic rats). t NaCI added to diet-5 per cent for one rat and 10 per cent for other rat.
The intestinal absorption of inositol was measured by the method of Cori (4) . Prior to study the rats were fed the low inositol diet for three days to reduce the quantity of inositol in the gut. One hundred milligrams of inositol was given by gastric tube. After six hours the inositol remaining in the intestinal tract was recovered and measured.
For studies of renal clearance, rats were anesthetized with Nembutal® and a tracheotomy was performed. A potyethylene catheter was placed in either the femoral or external jugular vein and intravenous injections of Inositol was measured by the method of Atkin (6) with the modifications previously described (2) . The level of free inositol was determined in plasma after barium and zinc precipitation of proteins. Urine samples were not hydrolyzed routinely because it had been found in earlier experiments that inositol is excreted almost totally in the free form. Blood and urine sugar determinations were performed according to Nelson (7). 
RESULTS
The influence of dietary intake on the excretion of inositol by normal and diabetic rats
Normal rats excreted little inositol even at the highest levels of inositol intake (Table IA) . Partially depancreatized diabetic rats excreted far more inositol than did the control rats at all levels of intake tested. When insulin was given to diabetic rats in doses adequate to eliminate most of the glucose from the urine, the excretion of inositol was found to be nearly normal.
Inosituria has previously been attributed to polyuria of any cause (9) . For this reason an experiment was done in which osmotic diuresis was induced by salt administration in diabetic rats receiving insulin. Although urine volume increased to levels comparable to that without insulin, the excretion of inositol remained low. 
Intestinal absorption of inositol
Little inositol was present in the gut prior to inositol administration and recovery was virtuallv complete immediately after inositol administration (Table II) . Normal rats were fouind to have absorbed 26 per cent and the diabetic rats 46 per cent of the inositol which had been given six hours previously. This difference w.as found to be significant (p <.009).
Because of the somiiewhat faster absorption of inositol from the gut ly diabetic rats the concentration of inositol in the blood after acid hydrolysis has been determined before and six hours after the intragastric administration of 100 mg. of inositol. The mean level of blood inositol in fasted normal rats was slightly higher than that of diabetic rats but the difference is not significant (Table III) . The blood inositol level after six hours in the diabetic rats was significantly higher than in the control group (p = < .04) despite the higher urinary excretion in the diabetic rats.
The renal clearance of inositol
At low levels of plasma inositol the renal clearance of inositol is very small in normal rats (Table  IV) . If the assumption is made that all the free plasma inositol is available for filtration the tubular load of inositol can be calculated. In Figure 1 the tubular load has been plotted against the fraction of filtered inositol reabsorbed (1-C1,,/CC,.) which is indicated on the table as "FFIR." It is apparent that inositol reabsorption is virtually complete with tubular loads up to 17 mg. per hour. Thereafter increasing amounts of inositol appear in the urine. At tubular loads higher than presented in Figure 1 , the inositol reabsorption increased despite inosituiria and it has ilot been possible to define a definite Tm for inositol.
The inositol clearance of diabetic rats was at least ten times that of the non-diabetic rat. Glomerular filtration was imiipaired in the most severely diabetic rat (Diabetic No. 3). Whether this was due to alloxan injury or was a result of the severe diabetes could not be determined. The observation of a higher inositol clearance than creatinine clearance in Period 3 may represent an analytic error.
Glucose loading experiments were performed to distinguish the effects of hyperglycemia and (Table IV ). An increase in inositol clearance was observed under these conditions up to the range of that found in diabetes.
Phlorizin in a dose of 187 mg. intravenously vas given to observe the effect on inositol clearance. Clearance measurements on two rats are presented in Table IV . In both rats there was a substantial reduction of the fraction of the inositol which was reabsorbed by the renal tubule.
DISCUSSION
The presence of increased amounts of inositol in the urine of rats with experimental diabetes is clearly established. Quantitatively the inosituria of diabetic rats is determiiined by inositol intake. The contention of Needhamn that "inosituria is associated with polvuiria of whatever origin" (9) is not supported 1y the failure of a salt induced diuresis to re-establish the inosituria of diabetic rats receiving instulin.
In searching for other explaniatioins for the increasedl excretion of inositol in diabetes mellitus the rate of gastrointestinal absorption auI(I the miiechanism of the renal excretion of inositol have been investigated. The intestinal absorption of inositol by normal rats is slower than that of the common hexoses and pentoses. Under the conditions examine(l an average of 3.4 mng. of inositol per 100 grams of rat was al)sorbed per hour as comnparedl to the reportedI rate of 172 mg. of glucose per 100 grainis of rat per hotur (6) . These findings agree with the miiore comlplete observations of \Wiebelhaus, Betheil, and Lardy (10) . The faster absorption of inositol from the gut of diabetic rats results in higher blood levels of inositol but probably contributes relatively little to the inosituria of such animals.
The sttudies of inositol clearance in the rat confirm the previous observation in man that inositol is virtually completely reabsorbed from the glomerular filtrate and the reabsorption of inositol is inhibited by glucosuria. A quantitative difference exists between the rat and the humiian being in respect to the degree of inhibition of inositol reabsorption by glucosturia. Inositol reabsorption was nearly totally abolished by glucose in the human; whereas, the inhibition in the rat proved incomplete and required a high glucose load for its demonstration. The relative specificity of the inhibition by glucose is suggested by the lack of effect of an osmotic diuresis produced by sodium chloride on inositol excretion. The addition of mannitol to hypotonic infusion solutions was also vithout effect on inositol excretion although diuresis occurred. The above data suggest that glucose and inositol may compete for the same tubular reabsorptive mechanismii. The reabsorption of xvlose has also been attributed to the glucose transport mechanism on the basis of similar evidence, namely the inhibition of xylose reabsorption by glucose anid phlorizin ( 11 3. Diabetic rats absorbedl inositol faster from the gut than did normal rats. The average inositol level inl the blood of dial)etic rats after oral inositol was fouind to be slightly higher than that of normal rats despite an increase in uirinarv excretionl of inositol.
4. An active tubular reabsorption of inositol exists. The reabsorption of inositol is inhibited in diabetic rats, in rats with non-diabetic glycosuria and in phlorizin treated rats. An osmotic diuresis produced by sodium chloride did not result in inosituria comparable to that found in diabetes.
5. It is concluded that the inosituria of diabetes mellituis can be attributed to an increase in the renal clearance of inositol produced by glycosuria.
